Introduction
One of the most precise methods to determine the strong coupling constant α s (Q 2 ) is to measure it from the scaling violations of the structure functions in deeply inelastic scattering. The present level of experimental accuracy is of order δα s (M 2 Z ) ≃ ±0.001 [1] . Since the theory errors due to factorization and renormalization scale uncertainties are of δα s (M 2 Z ) sc ≃ ±0.005 [2] in next-toleading order the knowledge of the 3-loop anomalous dimensions is required to reduce this error to the level reached by experiment.
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The one-loop anomalous dimensions were calculated in [5] and the one-loop coefficient functions were obtained in a series of subsequent calculations, see Ref. [6] for a summary of the results. Later the two-loop anomalous dimensions [7] and the two-loop coefficient functions [8] were evaluated applying different methods. The calculation of the anomalous dimensions and Wilson coefficients in three loop order is a very difficult task. The first calculations were performed for a series of sum rules and the individual moments for N = 2, 4, 6, 8 [9] in the non-singlet and singlet case as well as for N = 10 in the non-singlet case using the symbolic manipulation program FORM [10] . With growing computational power the moments N = 10, 12 in the singlet case and N = 12, 14 in the non-singlet case as well as the moments N = 3, 5, 7, 9, 11, 13 associated to the structure function xF 3 (x, Q 2 ) could be calculated [11] . Very recently, the 3-loop non-singlet [12] and singlet [13] anomalous dimensions were calculated for deep-inelastic scattering off unpolarized nucleons.
In this paper we calculate the 16th moment of the non-singlet splitting function, γ
2 ), and the Wilson coefficients of the structure functions
, for the case of pure photon exchange to 3-loop order using the MINCER formalism [14] . This calculation was started before complete 3-loop results became available and serves as an independent check of the result for the non-singlet anomalous dimension given in Ref. [12] and predicts the 16th moment for the non-singlet coefficient function, [15, 16] . The paper is organized as follows. In section 2 we give an outline of the basic formalism. The renormalization of the hadronic matrix element is described in section 3. The results of the calculation are given in section 4 and section 5 contains the conclusions.
Basic formalism
The hadronic tensor for deeply inelastic scattering in the case of pure photon exchange is given by :
Here x = Q 2 /(2p.q) denotes the Bjorken variable, P is the nucleon momentum, q denotes the space-like momentum transfer from the leptons to the nucleon with q 2 = −Q 2 and the Compton 1 Cf. Ref. [3, 4] for recent comparisons of the measured value of α s (M 2 Z ).
amplitude reads
We now consider the light-cone expansion of the (forward) Compton amplitude [17] i
The twist-2 contributions to the local non-singlet operators O NS (0) are linear combinations out of the operators
µ 2 denotes the factorization scale and 
For pure electromagnetic interactions T µν is even in x. The corresponding crossing relation has the consequence that only the even moments contribute to (3) . The nucleon matrix elements are
The scale-dependence of the non-singlet coefficient function is governed by the renormalization group :
The β-function rules the scale dependence of the coupling constant a s (µ 2 )
on the renormalization scale µ = µ R , where β l are the expansion coefficients. To 3-loop order the constants β l for SU(N) [18] 
contribute, with
, and T F = 1/2 and N c = 3. N F denotes the number of flavors. In the QCD-improved parton model the forward Compton amplitude (2), valid for nucleon states |P , reduces to that for photon-quark scattering, since only one initial state quark participates in the scattering process, with p the quark 4-momentum,
One applies the projector
onto the Mellin moments N and the Lorentz projectors
valid in D = 4−2ε dimensions. These projections lead to the following moments of the Compton amplitude
Renormalization
The coefficient functions C and Z-factors in (16) obey the following representations :
with δ = 1 for C 2 and δ = 0 for C L . Here, a 0 denotes the bare coupling constant, which is related to the running coupling by
cf. (8) . We identified the scales µ 2 = Q 2 . Yet a separation between the contributions to the anomalous dimension and the coefficient functions is possible as outlined in the following. The anomalous dimension and the Wilson coefficient are
The respective coefficients γ k and c k0 are determined as follows. We denote by C(ξ) the coefficient of type ξ in T (16) . Identifying the corresponding powers in ε one obtains to O(a 3 ) :
with
Furthermore the relations 
Results
The 16th moment of the 3-loop non-singlet anomalous dimension γ 16,+ NS , which describes the evolution of the combination
of quark densities, and the coefficient functions C NS 2,L,16 were calculated using the MINCER algorithm [14] . The calculation was performed majorly using two dual-processor 32bit PC's (3 and 2.6 GHz). Several diagrams were run on an Opteron 64bit PC. Due to the large disk-space required by a series of diagrams a 4.2 Tbyte raid system was linked to the two 32bit PC's to store intermediary results. In the calculation the moment (16) is determined in terms of an ε-expansion for a s = a 0 . The anomalous dimension and moments of the coefficient functions are determined as described in the previous section.
Up to 3-loop order 388 diagrams contribute effectively, if symmetry relations between diagrams are used. The calculation using the above system needed about 560 CPU days. The CPU time distribution over the individual diagrams is shown in Figure 1 . Several diagrams required computation times of a month, in one case of O(60) days. Despite of these long computation times the system ran completely stable. The use of a parallel facility running FORM [19] would be highly desirable for computations of similar size in the future.
The 16th moments of the non-singlet anomalous dimension and coefficient functions for unpolarized nucleons are : 
and d 2 abc /N c = 40/9 for SU(3) c . These results agree with the complete 3-loop results for the anomalous dimension in [12] . The moments for the N 2 F -terms [20] and N F -terms [21] were known before. For the coefficient functions the moments agree with the very recent complete results [15] and an upcoming paper [16] .
Conclusions
We calculated the hitherto unknown 16th moments for the 3-loop non-singlet anomalous dimension γ 16,+ NS and the non-singlet coefficient functions C 2,L (x, Q 2 ) for pure photon exchange. The computation was performed using the MINCER algorithm, which is different from the algorithms used in the recent complete calculations. In view of the rather long CPU time of about 560 days spent for the calculation the reliability of the formula manipulation program FORM has been tested intensely as a by-product. The results agree with recent and upcoming complete results. The computation of the 16th moment provides a non-trivial test of these computations.
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